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im-^m 1 1 

o^<^)^ (1) ; 

Q fj2 =C (R^ ) C (=0) O =CH2 ••• (l) 

n) /i«RBMWI:T- 0 . 0 0 5 ^:Jl± (m-Li n emzX E^- VX-U^) T-^^di: 
Ilt^R:^ 2 ] 

Iff 31 ^ ^ _ 

(a) ^ (1) -e^^tL^T^ u ;w • e-^v-^fi^coj^^m-^^^ (b) ^ (1) -e^ 
$tLST^"J;v- tf^;vms#<^2ffiiiJ.±o*K^^. t/c{± (c) ^ (1) -e^^tt^ 
• lf^;v^»#<7)l®*/v:{i:2aiJl±i:C:tLJ^^<^#a:#<0 1®*/ct±2aJJt± 



( r r ) -C 7 0 %JJ)L± "Cab 1 ~ 3 <7) 



[If 5 ] 



XO. 0 0 5J^± (m-L i n ei£lCj:^TE^- KT-iMfe) -Cab^lt*^ 5 twfam<^51& 
[f»*« 7 1 

m<D^7:)- hMiffi^^j^-^j: < tii im^^^. mm^mmLtzb^<Dmisxmmm (An) 

tm^m^-^O. 0 0 5iy.± (m-L i n e^tci^TE-t- K-eimjt) -e*);5Cli:*# 

Iit*« 8 1 
og-co^ (1) ; 

CH2 =C (R^ ) C (=0) 0-R2 =CH2 - (D 
(^pf, R' {i7fc*M^t/cfi^^;V». R2 «R^^1~2 0<D«&^D*^^{±^ia^R 

(7)^i)- hmi:ifli 'J^-^j: < ti> im^^^. tSLMmi:mMVfzt^<Dm^^mm (An) 
BMm^r- 0. 005iil.±(m-LinefeJCj:;|,TE^- Kt^ilJ^) -C*) - i: ^S^Wl 
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101 

M^i^it. (a) ^ (1) -c^^ft^r^r^} • if-;v#:g#<^*^a^#, (b) ^ 
(1) "C^$^^S7:^ 'J ;v • e-;v#fi#<7) 2aJJJ.±o^M'&#. t^^ti (c) ^ (1) 



8 ~ 1 0 <^v>-rtt7&»t'i2m<^^®lfr^^^fi'^#M^t>o 



1 3 1 

-t?0. 0 0 5J^J«± (m-L i n ei*l-J:STE*- K-CfflO^) tT-^^SfS^^ 1 2 tcia«0 

is^:^ 1 ~ 6 <D\^^irM^zmm.<Ditmm^^mn^^t fzum^m 7-13 (Dy^-r^ 

A n ) >i^DS|tff 0 . 0 0 5 JJlLJi (m-L i n ei*tcJ:^TE-t- F-eSij^) ii-f-S^: 

im^m 15] 
im^m 1 6 1 

m^i^<om^itmit>^ 1 0 j /cm^ j2]LTt?*)*»*a 1 5 Kmm<omvT^mmi5mo 
m^m 1 7 ] 

(1) ; 

CH2 =C (R' ) C (=0) 0-R2 =CH2 - (1) 

im^mi 8] 

^±m±m^^^^'i:'tir^^m^i^nm\i. or<^^ (2) ; 

(Cp 1) (C p 2) Mr - (R) p • (L) q - (2) 

(^■^3. Cp 1. Cp2fi. mmz^^LX^ g^M!^Oy^n^>^'e;i^;v*7t«« 
tJ|$tt/j'>^'n^V^ycc^;i/-e2b»9. C p 1 i: C p 2 tiiU^tfziti&i^^i'ft'V 
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3/E 



Tig'^LTV^T^> iv^o Mr lirffiO^±IK^JlJgT--Cr{i2~4<^^^-e^-2)o R 
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[0 0 0 1] 
[0 0 0 2] 
[0 0 0 3] 

10 0 0 41 

2#M) o 
[0 0 0 5] 

(PMMA) I'HL. 'B:^^^SA-r^it^<M*J-c7)<;j.m: I9®^^^]^<i-;i,|^<;j». 
:6«^$tLTV^;&o L;6^L^ Z.(DW^\±. 3 2 5 n mO^OHB|T|-tz J; I50. 05ia:V^^^ 
;^ i: o "C+^JC^Jci v^Siff ^M3&^# ^ tt-g, <^ P MM A tc^fDtt=Sr##1- ^ 

[0 0 0 6] 

<^ia*f ^»i±iB^ SP.I* L r i ^ < iiin L ^ t (nm.^-b'^f^ ? ttr (#^#fi=:fcm 1 # 

DB) o ^ibic, R9l+-r^^(^igcfiiSr J: «9@< tfc^-g-ti. fci:x.tf, 0. 2 5 3 7 //m<^ 
MIt-Cfi. PMMAC9±iI=^^0ifL. ^>;K=SrTlf^Mlnj75^ab'&i:$tL (^^^if W^lStm 2 #M 
)> Lorentz-Lore n. z O^^id^'biS^f^^ritf ^1 1 {i^f^nTigT-*-!) C: ^^6*^ 

[0 0 0 7] 

\m^-ScM 1 1 #M¥ 7- 9 2 3 1 3 ^<kM. 2 ~ 3 H) 
[#g^=:S:i8lt2] #|g2p9- 1 7 8 9 0 l-t&il (^2-6M) 
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[W^Wf:ScMll M. J. Bowden, E. A. Chandross, I. P. K 
amino w, fAp plied OpticsJvol.13, p. 113(19 
7 4) 

l0^ffX^2] W. J. Tomlinson, I. P. Kaminow, E. A. 
Chandross, R. L. Fork.W. T. Silfvast, fAppli 
ed Physics Lettersjvol. 16, p. 486 (1970) 

[0 0 0 8] 
[0 0 0 9] 



[0 0 1 01 

[0 0 1 1 1 

•t*:b-fc>. :$:^0^fi. og-oc*^ (1) ; 

CH2 =C (R^ ) C (=0) 0-R2 =CH2 - (1) 

(^i^'. Ri ii:^mw.^ttzii^^)vm. R^ uRmmi - 2 0 (Dmmtfzityfms^ 

[0 0 121 

^i!)-hm\ifL^'>^j:<ti>im^^^. ^Mi^imHvt:t^(Dm^^min (An) -dm 

mm-CO. 0 0 5m± {m-L i n ernKX^TE^-V-cm^) -C^^^t^S^Wit 

^hK. :^§tmit. oros^ (1) ; 

CH2 =C (R' ) C (=0) 0-R2 =CH2 - (D 

(5S;tf. R^ ii:i^m^^ttzii^^)]^m. R^ ii^m^i - 2 0 (ommtfzii^ffmiR 
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(Dtpit^hMifiv^^j--^ < ti, im^^^. WLm^imrnvtit^comi^^misa (An) H)^ 

mmtiS^^X-O. 0 0 5m± (m-L i n e^t- Ji-STE^- K-CiUic) -C^-S i 
[0 0 131 

ML. m^m^mm-r^^tKxy). m^n^m-bu (An) ibmrnm^kx-o. oo5m± ( 
m-L i n emi^^^TE^- KT-ffiij^) t^t ^ ^ t^s^mt-t ^m^mmmyjmK'^^ 

[0 0 14] 

$e>ic, or<7)^ (1) ; 

CH2 =C (R^ ) C (=0) 0-R2 =CH2 - (1) 

(^4'> iiymm'f-ttiii;^^}^^^ R^ URmmi ~ 2 0 (Dnmtfziiyf^mR 

[0 0 15] 

t<li> ^±«^M*f§tt4''C^ti-*^M^#®S*^ (2) ; 

(C p 1) (C p 2) Mr - (R) p • (L) q - (2) 

(^tt>> Cpl, Cp2{i. 1[§mzm^LLX. mm^<Dzy^a^y'Sri?a.^)Vtfziim. 
^^fifz'y^u^>^yfju=.}ux^*). Cp 1 tCp 2 tiiUl^tfzit^^m^^L 
r^^LTV^Ti iv^o M r {i r#0^±»^JiJl^-C' r {i 2 ~4 O^m-Ccb^o R 

ii7i(.mm^tfziiRmwci-3<Dw.m.T)i^^)i^mx^^o mmut^^^-r^mmx 

= p + 2 J: ^ tcS^^tL^o ) 

[0 0 161 

0. 0 0 5m±T-ab«5. 3fcT'''^M>^ti:i:oX+^tc:fe§v^'|fi-Cib'So 
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[0 0 17] 
[0 0 18] 

[0 0 19] 

<X^:hm^X^fH£. i: < Km^-^fi^ ^ t^j: < . WM^mx^^o ^i^mzit. 
PB|t^K=&i^t<7>BI#■e-ffi^r{i^iC)<btL^:V>;6^ 0tL<{i2OO~45Onm. t< 
IC250~350 nmX^^o 

m^m(DtftmtLxit. mui-^^^i^mLxm±mm.^Mo Mi^mtLx. ms. 

[0 0 2 0] 

*#:e<JtCfi> .TO-r^?fefttC J;oT^J)M55r^5j>^ 0. 0 0 1 ~ 3 W/cm^ ®S t i" O 
if^^Xh >9 ^ *f ^ L < f± 0 . 1 ~ 1 W/cm^ T-ab^o 

[0 0 2 1 ] 

. ^^^(o-iimx\u m^^<Tym^m±^^m(r>m.mz^^x^mmKmii^^^<r>x. m 

f±> lt^m<^BB|t^StS . S^jglcioT^^-STi^ ^ctx-tf^ P VMA0^3^#tc2 8 0~ 
3 0 0 nm'^-g-tfm^^ 3 0 OmW/cm^ <7)^Kt?Rl*|- LT. ;S$f^«: 0 . OlliUn^ 
t iOH§I^B#K{i^ j^O. 5~2^F^^Si:1-'&<^**M^T'ib*o 

[0 0 2 2] 

^^^coa^^l:}i> 1 0 J /cm2 Jiy.T^ t < 5 J /cm^ h-^^<Oif^^t Lv^o 1 0 
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7 0'C:65iS^-t?^<2>o 
[0 0 2 31 

^^tctiO. 0 0 5 jy.±cO®tff^M=£r#-2>^ t>&«T'itL{f, :)t;-7T>r/N% jfelH^^&^^if 
[0 0 2 4] 

t::;fev^-C, ^m^^^mM^i^(Dmi£fr^ii. m-L i n em (-/U Xi^ -/U 
'S'fflv^-C. He-NeV--f- (?!ltg6 3 3 nm) T'SJjfe? tLSo C:<^:lf'^. T 
E ( b y^TsA-;?. • J^v^ h V >;/ ^- F 7 'f ;WAM t¥^f :Sr|n]<^7fc<^'(l^fe 

[0 0 2 5] 

E*- Ka:TM^~ K<o;fflW^OM7&«/jN$v>, ^9#*l•<^5^S^fe'IR^^4^;^ (Polar 
ization Dependent L o s s : P D L) 7&*iJ'"*v^#J^^*^a6ibtT:'i>o 
L/i;&*o-C. TE^- h*fcTM-=e- KO®lff^(7)M{±. 0. 0 0 1 0 0 JIJIT. §f t L < {i 
0. 0 0 0 8 OJ£;T-e^;2><^7&^M^ Lv>o 

[0 0 2 6] 
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[0 0 2 7] 

^J^i-^fi-^^^ oti?. o^(7)^ (1) ; 

CH2 =C (R^ ) C (=0) =CH2 - (1) 

zfiKii. (a) ±ia<^^ (1) T-s^tL-i,T^';;v • tr-;v-^»#<^'^-=e*'^'^. ( 

b) ^ (1) X-m^f^^T^V )V • if-;v#4#0 2aJ^J>±<7)*S^#. ^^^{i (c) ^ 

Xib^Xi>'7>i^J>>M.^'W-X^oX i>X\y>o 
10 0 2 8] 

±IB<^^ (1) X^^fi^T^V LTti. titbit, 

[0 0 2 91 

tc^Ls yfm^tfziimM^^^^^^£^^i><OXi>tii£^mxb^o ^M-a-ttO® J; 19 ^ 
[0 0 3 01 

^c^^i^^^-^S-f^^^CD 10-7 0^;v%. < I' 1 0 ~ 5 0^;V%i:'S:-S i d t-l"^ 
0^19. ^^^f:<^7'f -'I'AJ^tt, Mit^Jv^ h^rif<0,^J: 19. ^^i^^M^-t^ 

[0 0 3 1] 

izmm ^fi^o 7 y * ;vm'^§g$&S'j itm^^ i-mm. \£^)^mi>mm^fix Lt ^ tztb. 
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[0 0 3 2] 
[0 0 3 31 

(Cp 1) (C p 2) Mr - (R) p • (L) q - ( 2 ) 

(^4". Cpl, Cp2(i. :^mzm^LX. $¥mm<Oi^i!ru^y-Sri?:i.-}Vtfzl±W: 
m^fifzi/ir}:i^>^pj:.-}]^-x^^\0. Cp 1 tCp 2 iHtU^tfzliTS^f^m^ifi-L 

ii7i^m^.^tfzitRm^i-3<Dm.mT)v^)^ymx^:bo utm^m^^-t^^mx 

= p + 2 h^;5> J:^ t'iiS^^tL^o ) 
[0 0 3 41 

±U<D^ (2) :fev>-C, C p 1 * fcJiC p 2*-'«m$tL7tv'i}'n^>i5' vJ--;v-e2b^ 
{i3~53&«0t Lv^o 

C p 1 tactic p 2 tc{4. Cs Hs . Cs (CH3)5,C5H2 (CH3)3>C5 
(CH2 CHa ) 5 . Cs H2 (CHz C Ha ) a . Cs Ha CCH (CHs ) 2 3 3 . 
C5 H2 CS i (C H3 ) 3 ] 3 Cs H2 CCH (CH3 ) 2 ] 3 3S:if*«*So 

[0 0 3 51 

CpltCp2i:f4. U^ttzltM^&t^LX^^LX\,^Xi> X t < tcS^^'S: 

aiSft^LTfi. - (CH2 ) n CS i (CH3 ) 2 ] m- Cn. mii-^tt-TtL 0 ~ 3 
(D^mx-^y). (m+n) ti 1 ~3-Cab'2>3 i)mt\^<. i: < ■^;^v' U (n^^ 

0t?in*«l) ^ 'J^^\yy (ii*«2 t?m;6«0) "C^^c^Ti^iif t Lv>o t^. S^^fi, ^ 

[0 0 3 61 

•^A (Y) , 'fyx/WtfC^A (Yb) . -JJ-^y^A (Sm) . }V7-^^J^ (Lu) *«itFt 
bv>o -e<^fliilgt (r) l±2. 3tfz\tA'Q^^. t <\z2 i^fz\tZi^Ut\^\t^o 

mU^2 004-3117676 
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[0 0 3 7] 

±ieo^ (2) x-m^i^^^m^mt^^<D^x-i>. 

(Cp^) 2 Sm"^ - (CH3 ) • (THF) - (3) 
(Cp55^) 2 Yb"^ - (CH3 ) • (THF). - (4) 
(Cp^) 2 Y - (CH3 ) • (THF) - (5) 

(^4'^ CpJ«{±l, 2, 3, 4, 5 -^V^^f-^l'V^^n^^jJ' va^-;V-C^i9. T 
HFtix h 7 Kn77>-^^^o ) 

10 0 3 8] 
10 0 3 9] 

[0 0 4 0] 

m'a-jajKti> i o orj^Tt-r^&OT&^sf^ l<> t< ic-g 5t:~+3 o'c^isti-^ 

10 0 4 1] 

;v^3&^^#L-C^i9> -e-03^:j¥^ti9 0%Jl^l±-e*-SO;6«iif^ L<. $ ^ 9 5 %JJl±-C 

t>6«-C§^„ 7^^fcx.{f> ^'^'U I/- h (PVMA) 

;^^fi5fc<^^n h tr-iJ' (4. 9ppm#ia) i:. a ii(D ^ ^ )\y&m^O 

•fu Vyizmm-^i^i^^^-:^ (1. 3-0. 6ppm) t(Dm^itX ^0 . M-tii-t ^ ^ ti)^ 

10 0 4 2] 

^^KX^, tt#miim>&*v>'v^^^^'T-'r vx-f- (rr) t? 7 0 %Jei±-Cab-6<^*«M 

ffiiE#2 004-3117676 
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i^yi^^^i^T-'ii^T-^- (r r) ii'^l 0%)ik±.ht£^ 
10 0 4 31 

'yyi^^^ ^T-i '^T^ -tit, mroi^ lcUi|g$tL^o 

V ^ X -f ^ 3^m.^^^^xW(oW.^<D±^W.m.i)^^'^.xi3 ^ii<DiT^ i^T-'i y^. 
[0 0 4 4] 

d. 'flfe:^^ 1 t^^atTtJ^-^^ d d dtfzii 1 1 1 T'^i&^ail^T-f V^^'-r-f 
55: h U T K, d 1 d ^ fcti 1 d 1 ^ii^I* > i^^t iJ' iJ' 7^ -f ^ ^5: h V T d d 

U lid. dlU Id d-C^'&^^iS'Sr^'rn^'^'-r'r y ^ ^: h V 7 Ktv^-p o 

[0 0 4 5] 

'>>v:a-i5'i^T-'f vx-f ~(i> OT^^Rl^^iJ' (NMR) mi^X^. -^Hbhtl^ 
-NMRfti/c« 1 3 C-NMRi£frlJ: «5«!l5eU> ^-:^:t ^ x '>-r -f T>fVi5' 

[0 0 4 6] 

t*«-ci;5o *^fi<jt-{i> 1 h-nmr;^^^ h;vt;J:s<^7&*S^* t<. ih-n 
MR^-^j'^jj-;i,^,ig;5;e-^:6«, moTfrn^j:^-^ tm^i^^^ttzit 1 H-NMR 

t?{iiB!l^-e§3Srv>i^'^tcti, 1 3C-NMR;^^^ V )V\,z X ^(DUmt L\f^o 
[0 0 4 7] 

ffilEi^ 2004-3117676 
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^mmv. itL^<Dv^?':^;^0®«it=^^^6*i ^9^ >- :t ^ x ^ 'Sr > U 
TK (rr) > T^^'^'T^;'^ {^^n ^ T ^ y t i>\^^ ^) *hU7K (mr) . T 
-< V iJ' X'f rJ' 53: h U T K (mm) ( r r /m r /mm) ****^tL*o 

'ffc^^li (1995)^Mackromol. Chem. , Rapid. Co mm u n . . 
, 14, 719 (1993) ^^MLtZo 

[0 0 4 81 

1 3 C-NMRe-:J^<D®||Jttc:J:oT*ae)'btt*o 

ttcil), (r r/mr/mm) :6«^J6^tLSo 
[0 0 4 9] 

-Tb^h. Cr r/ (r r +m r +mm) ) XI 0 0 (%) t UT. ^X^^ffi-C^^^o 
3^s:^5g<^Mm:i^i*lli »5#'btL^m'^'^(i. ^cov-^y^f^i^x^ '^T-'f - (rr) 
7 0%J':Jl±J:v^^lgiv>'fil^t;i)^i:i;j: 19 ^ T^iJ'x-f y ^ ^j:^') -7- tit^X . It^ti 

10 0 5 01 

v^;2,o ^/c. ^^ll^Ofi-^^ii. Wi^^^^fi::**2, 0 0 0m±-e*l). :9^:t**^v^l5 
5 0:J5mT-Cfe^Od«J:v>o 
[0 0 5 11 

0 5JiJ.±> $f*L<{io. 0 1 J^:^±<^®^'f^li^^ (An) ^7Ssi-^t-i^£^mt^^^o o. 

J/cm^ JJ^Ts iif* L< {±5 J/cm=' J£lTt?ab;5 Wid^J: v>o 1 0 J /cm^ '£r0x.-C^n^ 
[0 0 5 21 

thx<D^mmn^^^x^^o ^^iz^ MmmmM^m^LxiiX\^>o ^(Dx^t^itm 

mSE#2 004-3117676 
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[0 0 5 3] 

mif^ K (x^'^'^y ^tt) 2 0 0 2] o 

[0 0 5 4] 

ttz. *il#l^^3. 6 5 2, 2 7 5-i-Wjffl#lC{i. jfc§§$&^fij LT. ®SS^iS»J 
tf:t:^- h. N-7a:-;l/^^V i/Vx 1, l-v^P«^;V-3, 5 - v^^^ b v D^^-b >' 

, 2 ->;v*:^h^>V^TV-;K 2-;»«;v*-/b^>X:^-^^fv*-;v. 2-^;v:*7' 

3^ 4 _^^c;7>/_;V_ 2 2 - ^ ;V :^ T' h - 5 - - ^ n ^ ^X^ 5 ^V-JV. 
2 - ^ ;V5t;7' > - 4 6 - n n ^ > X:*- ^-9- V- ;V>5: ify^^ib^^f^i 

v»'^b'&t^^±^ 2 -^;v*7'h^>'X:ij-^-9-v^-;v (2-MBO) ^ 2 

^5<jr>/-;v (2-MB I) ^ 2-^ n^iJ^Y^y^/^rV-)'^ (2-MBT) iSi^TfY 
[0 0 5 5] 

10 0 5 61 

(A n) 75*0 . 0 0 5 iy.±-e2fe -5 i 9 ^«^#T-:5: < t tillBO^^^&^J^ ^iiiS^J> 

^m^mn<r>^ii^hm\^M{i^^-^£ < t^ im-^m^x^tzitm^^um'M.^^unit-rh 
iKDi-ni-^umo^'^^^xi,^ Wimummm'Q. oosm-t (SftL<(4o, oiiy. 

±) <7?iB^^iiin (An) ^n^fzib. WL^m(r>mMM.\t. fzhk\t^^m<om^. 1 0 
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[0 0 5 71 

mmm 1 1 

[0 0 5 8] 

7;i/=f>fi^L7t 1 U b v;^ nji, Sml2 3. 9616g^:^ -rh^liKn 

[ (Cs Mes ) 4 5. 8 5 8 g^Snx.. ^.M-XKB^-^. ^(D^. THF^rMffil^ 

"^yx- C (Cs Mes ) 2 Sm (THF) 2 ] OS^a^H'Sr^To Tto -^<7) C (Cs Mes ) 
2 Sm (THE) 2 3 2. 5g*^ h ;V J:- > 6 0 m UC?#IS h 'J J^^;VT;V^ --^ A 
2. 2m 1 ^inx.. ^t*^LT^JS«r^To/wo it»=£:l^*L/i<Dt>x #^H^a=S:^T^:V^. ( 
Cs Mes ) 2 SmMe (THF) «r#;to 

10 0 5 91 

<P VMAc^'a'^> 

^-:9•^::7lc^^ ^^^$r^v^^'>i vv^'lptc, ffii^Lfc h ;va:.>'«: 8 0 m 1 

tnx.. C aH2 ^©«ML7te-;i'P< iJ'i^ V 1/- h 2 Om 1 (18. 7g/l 

66. 45';^;i/) *iPx./^o |*lza«r- 7 8t:tCp^L/c<^*>. lt)i2<0:^'fet?^fiXLfcB* 
mx^^ iCs Mes ) 2 SmMe (THF) 0. 189g (0. 373^ 
■)^V)Va:.y5m\X^m,Vfz^<DiitjL^. n^^mfi^LfZo mUMii. #fi#/)!i*iKJt 
^«4 4 6 fc'S:* J:^ tct^ SI^^?-1:**«J 5 0,0 0 Otcl^^t^o fi-^iajS- 7 8'Ct? 

3\l^mK}B^'^tz(Dtb. KB^liZ:^ -}i^^lJWx.XM^Kmt:^±Lfzo -^hK, 

M^WO^mJt. m&^-m'X^n^tZo ^^L/i1t^'«s:oJRa(il 8. 7g (W> 
9 9Si%) T-*bo7to GPC (^;i//N--5ai^v3>i^nv>i^7 7'f-) Ici 

«9*i6/c^¥J*J^^» (Mn) {±7 7, 0 0 0> (Mw) {±115, 00 

0-C% (Mw/Mn) {±1. ABX^^fzo ^hK. 1 H -NMR {C J: 

^ ( 4 . 9 p p m) (1. 3-0. 6ppm)X100]{±100 «9 > 

^m<^^i^MWmit. i/yVt^i^T-^^yy-^- (rr) ;6«9 2 %-C^o/>:o 

C^U tf-;v> U l^- h) O 1 H-NMRf-^- h IlIltc^LJto 
t/c. c:<^) 1 H-NMR^^- htc^lt'S.^^'-r'f v-r'f-<7>#m{;fflv>/c^il^^JV* 
<^j!i;:feia^:> 13 2 {'^Lfwo ±IB:^^X'f ^/-T'f -<^#ai{;{±s 1. 2-0. 9ppmH 
>^m$tL-l>5j*U lf^;V^ ^^J' V l^- h^O^ilt^^^;^* Cl . 19ppm#i£(mm) , 
1. 07ppm(mr), 0. 92ppm(rr)] OH^S'ffi^a'SrfflV^jto 
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[0 0 6 0] 

±fa(DPVMAo. ig^Wpm^^j^o. Ami iizxfi. w.ni^r^-^tiZ^m^'ttzo 

MIKASASS<7)Sp«niS r;^e'^=r-jjr-lH-DXj ) tCT V n >^ j^;;^ tf n 

-hLfZo :^^y^-yo^mi2. OOOrpm, 2^tL. ^<D'^. S OVK^^l^ 
fz^^y V-fU-Y±X-. If^^A^mmm^^m^'tfzo -^hK. ::^\£>:3-yLfzi><Di:5 

Itl'^/^oTii. UVPIIt^ac V- 1 1 0 Q-G C^ttS^iS ; 3 >UVv^ 

^^;WN^^ K9>"/filStS75*2 5 0-4 5 0 nm03fc?:l&LXV>^*^ $)^:6-Cj6P V 
MA<^)^nnr^M^^i5' h;V=^tli^L^cfc;i^^ 2 8 0-3 0 0 n mT-flJM tr-;V*<7) 

^^ffiffl-iir-f Iw^ifo/co C:0#b1^-e<7)||3l3feSti4. .2 4 2 i/ca? -Qtj^fZo ^J&ftT'O 
[0 0 6 1 1 

^1 



1 UVifeS^i^ 1 


1 

Rgffi (W/cm2 ) 1 




(J/cm2 ) 1 
1 


1 UVA 


(320-390nm) 1 


1.373 1 


1 . 


9 7 1 1 


1 UVB 


(280-320nm) I 


0.725 1 


0. 


9 6 2 1 


1 UVC 


(250~260nm) | 


0.071 1 


0. 


10 0 1 


1 UVV 


(395-445nm) I 


0.861 1 


1 . 


2 0 9 1 


1 ^ 
1 


mm. 1 
1 


1 


4. 


2 4 2 1 
1 



[0 0 6 2] 

^^^O^MttNF^t:i*3tt*P VMA-7^;VA(7)®l/f^'£-. m-Linefe (T'UXA 
i3y^')yifm 4:ffiv^-r, He-Ne^--if- (^&g6 3 3 nni) > TE 
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[0 0 6 3] 

m2 





1 1 
1 TE^- K I 


A n 


1 1 
1 TM^- K 1 


1 

A n 1 


1 (J/cm2 ) 
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1 0 


1 1.49510 1 




1 1.49486 1 




i 4. 2 


1 1.50399 1 
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1 1.50505 1 


0.01019 ! 


1 8. 4 


1 1.50599 1 
• 1 


0. 01089 


1 1.50609 1 
1 1 


0.01123 1 
1 



[0 0 6 4] 

SrTE^-Kt?l. 4 9 5 1 O;0^f>l. 5 0 5 9 9 (Silf^MO. 0 1 0 8 9) StfiiJjn 
(Omm^ (TM-TE<Di^Mm) ttO. 0 0 0 1 t^'^K/h^ib^ofZo 

ortc, ±iBii^8. 4j/cm2 (Dmmtm<7)mMmzisif;hy^}]^A(DMm^isxxj^ 
^^xmt. Kit • ^ii^ti-HR- 1 0 oM mmm^^ ; H±'^^m^m^m m) n 
] =^fflv^-c. mmvfzo ^(Dm^. mnmM^<0'^^m.mjmit9 2%'^$>t). ^>fx 
ma 3 

[0 0 6 5] 

mmm fzmmirm^^r. }£:=-)v^^^vu-h (vma) i:p{^;v^^iJ'U 

V- b (MMA) k<Dy>^A^m^'(^'^^^Lfzo 

-[-^Kii^^. ^^^B^vv/i->i V>^lrH. m^LTt h ;v^>=Sr 5 0 m I 

Snx.> CaH2 -e^^f^. ^^MiSL/^VMA7. 5ml (7. 0 2/6 2. 4 5V-t;v 
) . MMA 7. 5ml (7. Og/70. l^U^^V) ^lrJnx.^Co - 7 SX:Km^ 

L5tOt>> jSilSiifc LT (C5 Mes ) 2 SmMe (THF) 0. 1 9 8 g (0. 3 9 0 5 
V^;!/) inMVJVj:.y5mlX-MLfzi,(D^ji:^^^ n^^Mt^Lfzo mMMii. # 
g#:/B!llMJt>&« 1 6 0 (VMA) i: 1 8 0 (MMA) trj:^X^KL. mm^^&^^S 
6, OOOkzWt^LtZo SV-CSnmBLB^^tKT)-^^ KB^iz^^ ^ y -)U 

(VMA-MMA7>^^A^m'&'(*^) *Mffi^^LfCo 

iOS>^#(±VMAtMMAi:<0*S^it^ (^;V%) ;6«4 7 : 5 3T'5bo/Co fi-^^^ 
(^JRfitiS. Og (JR^5 7. lSa:%) X^^fto G^P CKX^m^-i^^^^ (Mn) 
{i3 5, 9 0 0> (Mw) {i4 3. 6 0 OT-^i?, ^^^^^ (Mw/M 

n) {±1. 4 4t?^o/co ^fc. 1 H-NMRlCi «3^i6/v:i-^#>f 0 9>^:*;i'm'^14<^ 
1II^Vf^;v»<^^:^^ (%) =e-;l/^ (4. 9 p p m) 

(1. 3~0. 6ppm) Xl00]lil00%-eabi9. ±ift05t't^Mttfi> MMA i: 
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->>'y:^-^^T-'f v-r -f - (r r) >5»^ 9 0 %X'* o /co 

g ^mm^f-)^ 5 0ml team L. 2 B ^Mffii:?-ti-7to mm^^^^^^^^'^^tn 

10 0 6 6] 

±m<r>YUK-MM.Kyyy-l^^-S.^mz. 3fe§i$&^J t LT 2 - > 1 - C4- ( 

a.T- 9 0 7j ) ±fB9>^A*fi'^#tcMLT lfig%lB'g-L. ^ife^ 1 lW)#tC 

LineiS (T^'J X A * "^U > i5^fe) J; «9 iliJJfeL/co i(^^:i:{±s ^3 t^7p§ tt^S t 

[0 0 6 7] 

^3 
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A n 


1 1 
1 TM^- K 1 


A n i 


1 (J/cm2 ) 










1 0 


1 1.49427 1 




1 1.49440 1 




1 4. 2 


1 1.50502 1 


0.01075 


1 1.50525 1 


0.01085 1 


1 8. 4 
1 


1 1.50403 1 
1 1 


0. 00976 


1 1.50415 1 
1 1 


0.00975 1 



[0 0 6 8] 

IM'Om^i^-'hmht^ii ^ VMA-MMA7 ^^^-t.^S'^^^'IS^ L/c^»J 2 
mnA. 2 J /cm2 0«#^»OHI#t(r X 19 > ®«f^=SrT E^- VCl. 4 9 4 2 7 
t-hl. 5 0 5 0 2 (iS^f^MO. 0 1 0 7 5) tt?iiJn$^^-^ CI t :*^T' ^ . jfe-T/NM 

^(OmM^ (TM-TE<^jte*f'(l) »±0. 0 0 0 2 3 i:*'^t-/>$V>^><^>-C^o^o $ 'b 

^^m^ii^ii 9 2 ^-f X'f||(i3%-eibo/io 

[^M^aj 3 1 
[0 0 6 9] 

< V M A t%(0^mi^t <D^yV2^ ^fi'g-#<^-^^> 

^l:'f*^a^^> VMAlOml (8 3. 2^U^;V) :fc5J:0^N' , N' -y^^;i'T5 
^'i^ U V- h (DMMA) 2. 8ml (16. 6 4^U>=E;i/) t'^j£L> jliliR 
■C*;S> (Cs Mes ) 2 SmMe (THE) Oft«r 0 . 095g (0. 1875 U 

5 1 m UC, -^tL-rtLiglgL^Jsil^ti^ ^ife^^B 2 i:l5ll^l::L-C. VM 
A - DMMA 9 V ^ •l^^'B.^^^ntZo 

Clom^#«VMA tDMMAfcO^m^Jt^ (^;V%) 5&«8 3 : 1 TC^ofZo 
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'f$:OJ&:at± 5 . 4 5g (i|X^4 5. 6MM%) T'^o/co tfz^ G P C J: ^ 
g (Mn) »4 65, 0 0 0. Mi^W-^^^f-M (Mw) 9 1 ; 6 0 0 t?* "9 . 

(Mw/Mn) (4 1. 4 1T-$)oyio 1 H-NMR I' i 19 *«6f^m^#:*<7) v i^':^ 

T-^v'X'f- (rr) ;6S9 2%-C*o/io C: <7)fi'^#:(^/p?#^^<^SiJ'^ 
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10 0 7 11 
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1 ( J /cm2 ) 








(JB*f^ll) 1 
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1 1.50466 1 


0.00924 1 
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1 


1 1.50573 1 
1 1 


0. 01037 


1 1.50583 1 
1 1 


0.01041 1 
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[0 0 7 21 

■^{4. ®#8. 4 j/cm2 (ommt^f^m^mmmzi^^ . (te^-k) «ri. 

4 9 5 3 6;6-e>l. 5 0 5 7 3 (Siff^MO. 0 1 0 3 7) ^ -eiiJn $ ^ ^^T- i . 
Iff iTM-TE(DmHm) {4 0. 0 0 0 1 0 i:#'i'tc/h;&v^'^(^-e*ofco ^hK. 

(4 9 0%. ^-fX^l4 2%T?*o/co 

[0 0 7 31 

VM A 5 m 1 (41. 6 5. V ^ i^XJ^^-^-y ^ ^^^'f- >^ 

i^mmt^wi(Dmsh^ r^-f b^;^r;vFM- 1 0 sj ) (mr. pf 

MAi:v>9) 5ml (15. 5 9 5 K^^L. mM-^^^^ (Cs Mes ) 2 Sm 

Me (THE) <7)^t0. 095g (0. 187$ h;VJ^>'(Oa^: 4 0ml 

^<^fi'^'(2^f4VMAi:PFMAt<^*m'^ik^ (^;V%) *«7 3 : 2 TQ^^fZo fi-^ 
#:<^JR»*4 2. 81 g (JDl^2 1. 7ma%) X^^fzo tfz. G P C K X ^WW-i^^^ 

5 (M n) J4 4 1 . 9 0 0 ^ fi*¥±^:0-^S: (Mw) {45 6, 2 0 0X$>*). ^=f-mi^^ 
(Mw/Mn) {4 1. 3 4-e2bo/co 1 H-NMR {- J: «9 *«e>;'J:m'g-#'f<^9 v'* 
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[0 0 7 4] 

o^tz, CIOVMA-P FMA V >'^i^*4'^#*fflv>■r. 2 IWI^ftH LT. it 

'^^mt^-. m-L i nei* (^V X A * y > tJ^'iS) i|iJ5eL/^o vl<^il!l^*& 

[0 0 7 5] 
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1- 1 
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A n 
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1 TM^- K 1 


1 
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1 0 
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1 1.47492 1 




1 4. 2 


1 1.48630 1 


0. 01205 
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1 8. 4 

1 


1 1.48304 1 
1 1 


0. 00879 


I 1.48334 1 
1 1 


0.00842 1 
1 



[0 0 7 61 

t:ii. a#8. 4 J/cm^ (Dm.mt^(om¥^mmM\^ ^ "0 . (TE^-K) tl. 

47425 36^^)1. 48304 (TO^MO. 0 0 8 7 9) fCiiiO $ ^ ^^'^ ^ . 

W (TM-TE(^i^^ffi) {iO. 0 0 0 3 0 h#^#l-/h^V^^,<7)-e^o/io ^hiZ, ^(D 

mmm 5 1 

[0 0 7 7] 

mMmixnfzFYMAK. ^mtihMtLX2-^^j^-i- C4- 7 

0 3 lc^$tL* ti3i9t?2bo/co 
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me 
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fi- 1 
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1 
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A n 


1 1 
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— 


1 1.49291 1 


— 1 


1 0. 


0 5 0 


1.49986 1 


0. 00661 


1 1.50015 1 


0. 00724 1 


1 0. 


10 0 


1.49906 1 


0.00581 


1 1.49879 1 


0. 00588 1 


1 0. 


2 0 0 


1.49925 1 


0.00600 


1 1.49694 1 


0. 00403 1 


1 0. 


5 0 0 


1 1.50288 1 


0.00963 


1 1.50347 


0. 01056 1 


1 0. 


7 5 0 


1 1.50242 1 


0.00917 


1 1.50375 


0. 01084 1 


1 1 • 


0 0 0 


1 1.50319 1 


0. 00994 


1 1.50372 


0. 01081 1 


1 2. 


0 0 0 


1 1.50294 1 


0.00969 


1 1.50381 


0. 01090 1 


1 4. 

1 


0 0 0 


1 1.50271 1 
1 1 


0. 00946 


1 1. 50315 
1 


1 0. 01024 1 
1 1 



[0 0 7 91 

■ofzmmmst^it, mno. 5 j/cm^ nmnitmom^^mMKx^. mtm (te-^ 

- F) =Srl. 4 9 3 2 5y5-<bl. 5 0 2 8 8 (Stlf^^O. 0 0 9 6 3) ^trUintri, 

mmm e i 

[0 0 8 01 

^H^tiJ^Ji LT2 -^^v^^/yh^^V^TV-;!^©. 00 Ig ( 1 fia:%) ^-iB-^U 

^mmt^m^Lfzo ^(om^mi^a. ^7isj:xfm3K7jz-^fi^tis^-^;^<3fzo 

[0 0 8 11 

00 1 g (iss%) srBB-g-b^jji^ti. nmmstmi'vx. t/tmm^>-:^f^ti^x 
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[0 0 8 2] 

^7 



1 

1 (J/ 


1 

s 1 
cm^ ) 1 


X Hi T- r 1 


A n 
La 11 


1 1 
i TM^ — K 1 


1 

A n 1 




0 1 


1.49355 1 


— 


1 1.49374 1 




1 0. 


0 5 0 1 


1.49701 1 


0.00346 


1 1.49762 1 


0.00388 1 


1 0. 


1 0 0 1 


1.50019 1 


0.00664 


1 1.50106 1 


0. 00732 1 


1 0. 


2 0 0 1 


1.50695 1 


0.01340 


1 1.50759 1 


0. 01385 1 


1 0. 


5 0 0 1 


1.50654 1 


0. 01299 


1 1.50631 1 


0. 01257 1 


1 0. 


7 5 0 


1.50625 1 


0.01270 


1 1.50621 1 


0. 01247 I 


1 1 . 


0 0 0 


1.50550 1 


0.01195 


1 1.50501 1 


0.01127 1 


1 2. 


0 0 0 


1.50547 1 


0.01192 


1 1.50578 1 


0.01204 1 


1 4. 

1 


0 0 0 


1 1 RHfi^^ 1 
1 1. DyJOOO \ 

« 1 




1 1 S0646 1 


0 01272 


0 8 3] 






■fx, O 






1 (J/cm2 ) 


1 1 
1 -c* JE. ^ 1 

1 1 I!/ r 1 


A n 

11 


1 ■ 1 

1 TM'=6— K 1 

1 ± IVJL V* 1 1 


_ ... 1 
A n I 




0 


1 1.49245 1 


— 


1 1.49261 1 


— 1 


1 0. 


0 5 0 


1 1.49977 


0.00732 


1 1.49981 


0.00720 I 


1 0. 


10 0 


1 1.50413 


0.01168 


1 1. 50421 


0.01160 1 


1 0. 


2 0 0 


1 1.50787 


0. 01542 


1 1.50769 


0. 01508 1 


1 0. 


5 0 0 


1 1. 50845 


0.01600 


1 1.50882 


0.01621 1 


1 0. 


7 5 0 


1 1.50842 
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1 1. 50728 


1 0. 01483 
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1 4. 
1 


0 0 0 
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1 
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[0 0 8 4] 

%nm 6 -e{±ii# 0 . 5 J /cm2 <Dmn%mom^m.m^\' ^ ^ ^ isff^ (t e ^- k) 

=1:1. A 9 3 b bi)^h 1 . 50654 (iSilf^MO. 0 1 2 9 9) * -Ciiiin^H^* ^ 
T'^. * fc^]6fef?!l7-C{iil^O. 5J/cm2 (^a^jte*<^mj^!lltlw i >5 , jSW^ (T 
E-=E-K) 'Sri. 49245 :*^P? 1. 50845 (iStff^MO. 0 1 6 0 0) ^-Ciiin^ 

hi,z^mmxm^0i<miH^mtt:n^^ti!)^x-^fzo ttz. ^(ot^owBi^ (tm- 
T E (Dmnm) (i^ nmn e-co. 00023^ mnm 7x0. 00037 -e*>>9. v^-r 

l^M^ 8 1 
[0 0 8 51 

^mmX'^^Lfzmm'i:my'^. YUAtMMAt<D-:ruy ^^m.^i^i:^^LfZo 

+53-lC7K.:9-, ^^=&^v^y;:'>iV>^^lri;. IBi^LTt h ;i/Ji> =£r 5 0 m 1 

Jnx.T> CaH2 ^®3»SgL7tMMA U V- h ) 7. 5ml ( 

7. Og/7 0. 15';^;v) ^Snx^Co rtr^'^- 7 8 t:^::il^L/>:<^t)^ BlfeiSt LT ( 
C5Me5)2 SmMe (THF) 0. 198g (0. 390^ V-=e;V) <Dn.mV}^^y 
5ml T'«L/c^>0=^ft3i^. A^^mthLfzo mmMH. ^/•^-/W.Jt^n 6 0 
(VMA) fcl8 0 (MMA) ^ X d i'L. m^^=^m^m 3 6 , OOOKn^Lfz 
o M^Um- 7 SX:X smUKB^'ftfzOlb. CaH2 ^l^ffliSL/iVMA ( 

If - ^ U h) 7. 5ml (7. 0 1/62. 4 5'J^;V) ^rJnx.T. 
- 7 8'C-e5B#KM-^L. KJ^^^izj^ ^ y -)^i1}]i^Xm^KB^W±l^fZo ^<D^. ^ 

#ibtL/^S^# (VMA-MMA:/n y i^^m-^#^) ^m&^MLfzo ^O^n-^i^^ 
m-^^^tiVMAtMMAtO^m'^Jt^ (^;l'%) 7&«4 7 : 5 3X:^^fzo M^i^O^m. 
{±13. 4g (iR^9 5. 6*1:%) T'*o/co ^/c^ G P C J: 0 

(M n) lis 5, 9 0 0. M¥:t^^i^S (Mw) {±4 3, 6 0 0 T'^ , ^^M:^^ ( 
Mw/Mn) {±1. 4 4-e^o/co 1 H - NMR {^ i !9 ^s^JT^fi'^^tx^ 9 ;V 

m>^'ttOliJMt*-;V*<^^#^{± 1 0 0 %T'^I9. ^II<^)5£#mMlJ'I4(±. UMAt^^X 
i/yV^^^i^T-^^yT^- (rr) *«9 0 ^ibi::. ^(DM.%W(Oy^^^^<0 

^■m^i^nm^m^x.fzt^h. omM%xtb<^tzo 

[0 0 8 61 

-D^K. i<DVMA-MMAyn ^i^^m-^^i-. ^Mijfe^J t LT^/n^*V ^-ttl^O 

r^;v?!r^^T- 9 0 7j ^M^mzMLx iMm:%w.^L. nmmi twimKLx 

ja$f^gg<k*. m- 1 ine^ V * y "/'J V^^i£) Til5gU^o -e<0^* 

{±, ^9 IJ-^^ofeo 
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49406 ;6^?>l. 50054 (Siff^^O. 0 0 6 4 8) tX-mM^-^ ^ ^ t^^-Q^ . 
«f (TM-TE<^i^*t^l) tiO. 0 0 0 2 4 fc^#lC/>$v>'fc<7)T-^o/>:o ^hiz, 
(±8 9%> ^^X-liiiS %-e^-ofc:o 

[0 0 8 9] 

<VMA tm<7)#fi:#t07'n y^^M^i^(^^^> 

4Kmm<D^<7>tmc) ^^mL. ^^^m.^t. vMAsmi (41. 65u*;v) t 

^^»_7;V^n:j-^^^;l/j:.-^;V;< ^ 'J U- h (PFMA) 5ml (15. 5 9 5 V ^."V) 
t^^ML. -^jLVyrJ^Wt-jtrax.^ >>'V^><^S=S: 9 Om UC, |4s:^t?ab^ (Cs Mes ) 
SmMe (THF) <DMi 0 . 095g (0. 1875 ^tl^fl. ^Mb/c 

Jeinti^ ^i&^J8 i:|WI;j»tcLT. VMA- P FMA^n y ^'^a-g'^^^^^o 

o/io *^#60iRS{i3. 2 0g (OT2 4. 7Si%) -C'*)ofco ^t^^^ GPCtcJ:;!, 
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